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1
3-FLUORO-URACIL IMMUNOQOASSAY

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a Continuation-In-Part of application
Ser. No. 11/053,480 filed Feb. 8, 2003.

FIELD OF THE INVENTION

This invention relates to the field of immunological assays
for determining the presence and/or quantiiying the amount
of 5-fluoro-uracil [5-FU] i human biological samples 1n
order to rapidly determine optimal drug concentrations
during chemotherapy.

BACKGROUND OF THE INVENTION

Cancer 1s a term used to describe a group of malignancies
that all share the common trait of developing when cells 1n
a part of the body begin to grow out of control. Most cancers
form as tumors, but can also manifest in the blood and
circulate through other tissues where they grow. Cancer
malignancies are most commonly treated with a combina-
tion of surgery, chemotherapy, and/or radiation therapy. The
type of treatment used to treat a specific cancer depends
upon several Tactors including the type of cancer malignancy
and the stage during which 1t was diagnosed.

5-FU 1s one of the more commonly used cytotoxic agents
that are used for the treatment of Breast and Colorectal
cancer. This chemotherapeutic agent has the formula:

O
H I
\.N ‘
O)\T
H

This compound has been associated with debilitating side
cllects such as bone marrow density loss, mucositis, nausea
and vomiting. By monitoring the levels of 5-FU 1n the body
and adjusting the dose these side eflects can be better
controlled and limited in patients.

At the same time, there 1s often a highly variable rela-
tionship between the dose of 5-FU and the resulting serum
drug concentration that affects therapeutic efiect. The degree

ol intra- and inter-individual pharmacokinetic variability of
5-FU can be as high as 10-fold (Diasio et. al. J. Clin. Invest.

81: pp 47-31, 1988, Wei et. al. J. Clin. Invest. 98: pp
610-615, 1996) and 1s impacted by many factors, including:

Organ function

Genetic regulation

Disease state

Age

Drug-drug interaction

Time of drug ingestion,

Mode of drug admimstration, and

Technique-related administration.

As aresult of this variability, equal doses of the same drug
in different individuals can result in dramatically different

clinical outcomes (Hon et. al. Clinical Chemistry 44, pp
388400, 1998). The eflectiveness of the same 5-FU dosage
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2

varies significantly based upon individual drug clearance
and the ultimate serum drug concentration in the patient.
Therapeutic drug management would provide the clinician
with 1nsight on patient variation in both oral and intravenous
drug administrations. With therapeutic drug management,
drug dosages could be individualized to the patient, and the
chances of eflectively treating the cancer without the
unwanted side effects would be much higher (Nieto, Current

Drug Metabolism 2: pp 53-66, 2001).

In addition, therapeutic drug management of 5-FU would
serve as an excellent tool to ensure compliance 1n adminis-
tering chemotherapy with the actual prescribed dosage and
achievement of the eflective serum concentration levels. It
has been found that variability in serum concentration 1s not
only due to physiological factors, but can also result from
variation 1n administration technique and ability of the body
to absorb 5-FU. As a chemotherapeutic agent, 5-FU can be
administered in 1ts pro-drug form as tegafur which has the
structure:

Tegatur, when administered to a patient, 1s generally
absorbed and metabolized into 5-FU by the patient at
different rates. Therefore, in monitoring the level of 5-FU 1n
patients by means of an immunoassay, it 1s important that the
immunoassay be able to distinguish between tegafur, the
inactive substance, and 5-FU, the active substance, into
which tegafur metabolizes. The problem with antibodies to
5-FU 1s that they could be cross-reactive with tegafur
making these immunoassays not useful.

Routine therapeutic drug management of 5-FU would
require the availability of simple automated tests adaptable
to general laboratory equipment. Tests that best fit these
criteria are immunoassays. Currently there are no immu-
noassays for 5-FU available and monitoring levels of this
drug 1s conducted by physical methods like high pressure
liquid chromatography (HPLC) (Escoriaza et. al. J. of Chro-
matography B: Biomedical Sciences and applications, 736

(1+2): pp 97-102, 1999). In order to be most eflective 1n
monitoring drug levels the antibody should be most specific
to 5-FU and display very low cross-reactivity to no cross-
reactivity to related pyrimidine bases, particularly tegatur.

SUMMARY OF INVENTION

In accordance with this invention, a new class of anti-
bodies have been produced which are substantially selec-
tively reactive to 5-FU so as to bind to 5-FU without any
substantial cross reactivity to tegafur, as well as, to other
interfering pyrimidine bases, uracil and cytosine. By selec-
tively reactive 1t 1s meant that this antibody reacts with the
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5-FU molecule and does not substantially react with the
other imterfering pyrimidine bases such as analogues of
5-FU, the most important blocking pyrimidine base being
tegatur. By providing an antibody that does not substantially
cross-react with tegafur, allows one to provide an 1mmu-
noassay for 5-FU which can accurately monitor levels of

5-FU for therapeutic management of patients being treated
with 5-FU.

It has been found that by using immunogens which are
conjugates of an immunogenic polyamine polymer with a
compound of the formula:

X—(Y),—CH,

wherein Y 1s an organic spacing group;

X 15 a terminal functional group capable of binding to a
polyamine polymer; and

p 1s an integer from O to 1.

produce antibodies which are specific for 5-FU and do not
substantially react with or bind to tegafur, as well as other
pyrimidine bases such as uracil, and cytosine. The provision
of these antibodies which substantially selectively react with
5-FU and do not cross react with tegatur allows one to
produce an immunoassay which can specifically detect and
monitor 3-FU 1n the flmd samples of patients being treated
with 5-FU. Also included within this invention are reagents
and kits for said immunoassay. The presence of tegafur 1s the
major cause for false positive readings which have made
immunoassays for 5-FU unsuitable.

DETAILED DESCRIPTION

In accordance with this invention, a new class of anti-
bodies 1s provided which substantially selectively reacts
with 3-FU and does not substantially react or cross react
with tegafur, as well as other interfering pyrimidine bases
such as uracil, and cytosine. It has been discovered that
through the use of the 3-substituted 5-FU derivative of
formula II-A as an immunogen, this new class of antibodies
of this invention are provided. It 1s through the use of these
antibodies that an immunoassay, including reagents and kits
for such immunoassay for detecting and/or quantifying 5-FU
in blood, plasma or other body flmud samples has been
developed. By use of this immunoassay, the presence and
amount of 3-FU 1n body fluid samples, preferably a blood or
plasma sample, can be detected and/or quantified. In this
manner, a patient being treated with 5-FU can be monitored
during therapy and his treatment adjusted 1n accordance with
said monitoring. By means of this invention one achieves the
therapeutic drug management of 5-FU 1n cancer patients
being treated with 5-FU as a chemotherapeutic agent.
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The reagents utilized 1n the immunoassay of this mven-
tion are conjugates of a carrier with the 1-substituted 5-FU
compound of formula II-B:

II-B
O
H )J\ F
NN ‘ 7
O)\T/
CH—(Y),—X
wherein p, X and Y are as above;
or a compound of the formula
II-A

O

X—(Y),—CH, )J\ P
HHTQ' "#,ﬂ’
O)\N/
H

wherem p, X and Y are as above;

or mixtures thereof.

In the reagents of formula II-A and II-B, the carrier can be
any of the conventional reagents carriers utilized in carrying
out immunoassays, preferably these carriers are labeled for
detection. In the compound of formula II-A, which are
utilized 1n forming the reagents used in the assay, X can be
any functional group capable of bonding to the carrier. The
preferred carriers contain a polymeric polyamine polymer
with a reactive amino group and X 1s a terminal functional
group capable of binding to a polyamine polymer.

In the immunoassay of this invention, these conjugates
are competitive binding partners with the 5-FU present 1n
the sample for the binding with the antibodies of this
invention. Therefore, the amount of conjugate reagent which
binds to the antibody will be mversely proportional to the
amount of 5-FU 1in the sample. In accordance with this
invention, the assay utilizes any conventional measuring
means for detecting and measuring the amount of said
conjugate which 1s bound or unbound to the antibody.
Through the use of said means, the amount of the bound or
unbound conjugate can be determined. Generally, the
amount of 5-FU 1n a sample 1s determined by correlating the
measured amount of the bound or unbound conjugate pro-
duced by the 3-FU in the sample with values of the bound
or unbound conjugate determined from standard or calibra-
tion curve samples containing known amounts of 5-FU,
which known amounts are 1n the range expected for the
sample to be tested. These studies for producing calibration
curves are determined using the same immunoassay proce-
dure as used for the sample.

The conjugates are prepared from compounds of formulae
II-A and II-B whereas immunogens are prepared from
compounds of the formula II-A. In performing the 1mmu-
noassay 1n accordance with this mvention, it 1s 1mportant
that the conjugate be formed from the compound of formu-
lag II-A or II-B and the immunogen be formed from the
compound of formula II-A. In the conjugates including the
immunogens, the polyamine polymer 1s conjugated with the
ligand portion which has the formula:
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[1I-A

wherein Y and p are as above; and
X'1s —CH,— or a functional linking group;

on with the ligand portion of the compound of formula II-B
which has the formula:

[1I-B

CHy— (Y )—X'—

wherein X', Y and p are as above.

These ligand portions may be connected 1n one or more
active sites on the carrier of the conjugate.

Definitions

Throughout this description the following definitions are
to be understood:

The terms “immunogen” and “immunogenic” refer to
substances capable of eliciting, producing, or generating an
Immune response 1n an organism.

The term “conjugate” refers to any substance formed from
the joining together of two parts. Representative conjugates
in accordance with the present invention include those
tformed by the joining together of a small molecule, such as
the compound of formula II-B, and a large molecule, such as
a carrier or a polyamine polymer, particularly protein. In the
conjugate the small molecule may be joined at one or more
active sites on the large molecule.

“Haptens™ are partial or incomplete antigens. They are
protein-iree substances, mostly low molecular weight sub-
stances, which are not capable of stimulating antibody
formation, but which do react with antibodies. The latter are
formed by coupling a hapten to a high molecular weight
immunogenic carrier and then injecting this coupled prod-
uct, 1.e., immunogen, into a human or animal subject. The
hapten of this invention 1s 5-FU.

As used herein, a “spacing group’ or “spacer’” refers to a
portion of a chemical structure which connects two or more
substructures such as haptens, carriers, immunogens, labels,
or tracers through a CH, or functional linking group. These
spacer groups will be enumerated heremafter in this appli-
cation. The atoms of a spacing group and the atoms of a
chain within the spacing group are themselves connected by
chemical bonds. Among the preferred spacers are straight or
branched, saturated or unsaturated, carbon chains. Theses
carbon chains may also include one or more heteroatoms
within the chain or at termini of the chains. By “heteroat-
oms” 1s meant atoms other than carbon which are chosen
from the group consisting of oxygen, nitrogen and sulfur.
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Spacing groups may also include cyclic or aromatic groups
as part of the chain or as a substitution on one of the atoms
in the chain.

The number of atoms in the spacing group 1s determined
by counting the atoms other than hydrogen. The number of
atoms 1n a chain within a spacing group 1s determined by
counting the number of atoms other than hydrogen along the
shortest route between the substructures being connected. A
functional linking group may be used to activate, e.g.,
provide an available functional site on, a hapten or spacing
group for synthesizing a conjugate of a hapten with a label
or carrier or polyamine polymer.

An “immunogenic carrier,” as the terms are used herein,
1s an 1immunogenic substance, commonly a protein, that can
join with a hapten, 1n this case 5-FU or the 5-FU derivatives
of formula II-A described, thereby enabling these hapten
derivatives to mduce an immune response and elicit the
production of antibodies that can bind specifically with these
haptens. The immunogenic carriers and the linking groups
will be enumerated heremaiter 1n this application. Among
the 1mmunogenic carrier substances are included proteins,
glycoproteins, complex polyamino-polysaccharides, par-
ticles, and nucleic acids that are recognized as foreign and
thereby elicit an immunologic response from the host. The
polyamino-polysaccharides may be prepared from polysac-
charides using any of the conventional means known for this
preparation.

Also various protein types may be employed as a poly
(amino acid) immunogenic carrier. These types include
albumins, serum proteins, lipoproteins, etc. Illustrative pro-
teins nclude bovine serum albumin (BSA), keyhole limpet
hemocyanin (KLH), egg ovalbumin, bovine thyroglobulin
(BTG) etc. Alternatively, synthetic poly(amino acids) may
be utilized.

Immunogenic carriers can also include poly amino-
polysaccharides, which are a high molecular weight polymer
built up by repeated condensations of monosaccharides.
Examples of polysaccharides are starches, glycogen, cellu-
lose, carbohydrate gums such as gum arabic, agar, and so
forth. The polysaccharides also contain polyamino acid
residues and/or lipid residues.

The immunogenic carrier can also be a poly(nucleic acid)
either alone or conjugated to one of the above mentioned
poly(amino acids) or polysaccharides.

The immunogenic carrier can also include solid particles.
The particles are generally at least about 0.02 microns (um)
and not more than about 100 um, and usually about 0.05 um
to 10 um in diameter. The particle can be organic or
inorganic, swellable or non-swellable, porous or non-po-
rous, optimally of a density approximating water, generally
from about 0.7 to 1.5 g/mL, and composed of material that
can be transparent, partially transparent, or opaque. The
particles can be biological materials such as cells and
microorganisms, including non-limiting examples such as
erythrocytes, leukocytes, lymphocytes, hybridomas, Strep-
tococcus, Staphyvlococcus aureus, E. coli, and viruses. The
particles can also be comprised of organic and inorganic
polymers, liposomes, latex, phospholipid vesicles, or lipo-
proteins.

“Poly(amino acid)” or “polypeptide” 1s a polyamide
formed from amino acids.

Poly(amino acids) will generally range from about 2,000
molecular weight, having no upper molecular weight limut,
normally being less than 10,000,000 and usually not more
than about 600,000 daltons. There will usually be diflerent
ranges, depending on whether an immunogenic carrier or an
enzyme 1s 1nvolved.
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A “peptide” 1s any compound formed by the linkage of
two or more amino acids by amide (peptide) bonds, usually
a polymer of a.-amino acids 1n which the o-amino group of
cach amino acid residue (except the NH, terminus) 1s linked
to the a-carboxyl group of the next residue 1n a linear chain.
The terms peptide, polypeptide and poly(amino acid) are
used synonymously herein to refer to this class of com-
pounds without restriction as to size. The largest members of
this class are referred to as proteins.

A “label,” “detector molecule,” or “tracer” 1s any mol-
ecule which produces, or can be induced to produce, a
detectable signal. The label can be conjugated to an analyte,
immunogen, antibody, or to another molecule such as a
receptor or a molecule that can bind to a receptor such as a
ligand, particularly a hapten. Non-limiting examples of
labels include radioactive 1sotopes, enzymes, enzyme frag-
ments, enzyme substrates, enzyme inhibitors, coenzymes,
catalysts, fluorophores, dyes, chemiluminescers, luminesc-
ers, or sensifizers; a non-magnetic or magnetic particle, a
solid support, a liposome, a ligand, or a receptor.

The term “‘antibody™ refers to a specific protein binding
partner for an antigen and 1s any substance, or group of
substances, which has a specific binding athnmity for an
antigen to the exclusion of other substances. The generic
term antibody subsumes polyclonal antibodies, monoclonal
antibodies and antibody fragments.

The term “derivative” refers to a chemical compound or
molecule made from a parent compound by one or more
chemical reactions.

The term “carrier” for forming the conjugate of formula
I11-B refers to solid particles and/or polymeric polymers such
as immunogenic polymers such as those mentioned above.

Where the carrier 1s a solid particle, the solid particle may
be bound, coated with or otherwise attached to a polyamine
polymer to provide one or more reactive sites for bonding to

the terminal functional group X in the compounds of the
formula II-B.

The term “reagent kat,” or “test kat,” refers to an assembly
of materials that are used 1in performing an assay. The
reagents can be provided in packaged combination in the
same or 1n separate containers, depending on their cross-
reactivities and stabilities, and 1n liguid or i lyophilized
form. The amounts and proportions of reagents provided 1n
the kit can be selected so as to provide optimum results for
a particular application. A reagent kit embodying features of
the present invention comprises antibodies specific for
5-FU. The kit may further comprise ligands of the analyte
and calibration and control materials. The reagents may
remain in liquid form or may be lyophilized.

The phrase “calibration and control materials” refers to
any standard or reference material containing a known
amount of a drug to be measured. The concentration of drug
1s calculated by comparing the results obtained for the
unknown specimen with the results obtained for the stan-
dard. This 1s commonly done by constructing a calibration
curve.

The term “biological sample” includes, but 1s not limited
to, any quantity of a substance from a living thing or
tformerly living thing. Such living things include, but are not
limited to, humans, mice, monkeys, rats, rabbits, horses, and
other animals. Such substances include, but are not limited
to, blood, serum, plasma, urine, cells, organs, tissues, bone,
bone marrow, lymph, lymph nodes, synovial tissue, chon-
drocytes, synovial macrophages, endothelial cells, and skin.
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Reagents and Immunogens

In constructing an immunoassay, a conjugate of 5-FU 1s
constructed to compete with the 5-FU 1n the sample for
binding sites on the antibodies of this invention. In the
immunoassay of this mnvention, the immunogen for produc-
ing the antibodies of this invention 1s the 3-substituted 5-FU
derivatives of the compounds of formula III-A and the
reagent 1s the 1-substituted 5-FU derivatives of formulae
I1I-A or III-B. In the compounds of formula III-A and III-B,
the linker spacer constitutes the —CH, —(Y) ,—X'-portion
of this molecule. The linker X' and the spacer —CH,—
(Y),— are conventional in preparing conjugates and immu-
nogens. Any of the conventional spacer-linking groups uti-
lized to prepare conjugates and immunogens for immunoas-
says can be utilized in the compounds of formula I1I-A and
I11-B. Such conventional linkers and spacers are disclosed 1n

U.S. Pat. Nos. 5,501,987 and 5,101,015.

Among the preferred spacer groups are included the
spacer groups heremnbefore mentioned. Particularly pre-
terred spacing groups are groups such as alkylene containing
from 1 to 10 carbon atoms,

7

— (CHy)py— C—NH— (CHa)— -

(C HZ)O >
|
g v

/\I
—— (CH,)—

N

—NH—(CH,),,—/ or

wherein n and o are itegers from 0 to 6, and m 1s an integer
from 1 to 6 with alkylene being the especially preferred
spacing group. With respect to the above structures repre-
sented by Y, terminal functional group X, is connected to
these substituents at their terminal end on the right side of
the structures, 1.e., a the end designated by (CH,) or
(CH,), .

In the compounds of formula III-A and III-B, X' 1s
—CH,— or a functional group linking the spacer, preferably
to an amine group on the polymer or the carrier. The group
X' 1s the result of the terminal functional group X in the
compounds of Formula II-A and II-B which 1s capable of
binding to the amino group 1n the polyamine polymer used
as either the carrier or the immunogen. Any terminal func-
tional group capable of reacting with an amine can be
utilized as the functional group X in the compounds of
formula II-A and II-B. These terminal functional groups
preferably included within X are:

——(C—0R;3;,

|

O
— N=(C=Ry, or
—(CH

|

O

wherein R, 1s hydrogen or taken together with 1ts attached
oxygen atom forms a reactive ester and R, 1s oxygen or
sultur. The radical —N=C=R_,, can be an 1socyanate or as
isothiocyanate. The active esters formed by OR; include
imidoester, such as N-hydroxysuccinamide, 1-hydroxy ben-
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zotriazole and p-nitrophenyl ester. However any active ester
which can react with an amine group can be used.

The carboxylic group and the active esters are coupled to
the carrier or immunogenic polymer by conventional means.
The amine group on the polyamine polymer, such as a
protein, produces an amide group which connects the spacer
to the polymer, immunogens or carrier and/or conjugates of
this mnvention.

In the immunogens and conjugates of the present inven-
tion, the chemical bonds between the carboxyl group-con-
taining 5-FU hapten and the amino groups on the polyamine
polymer on the carrier or the immunogen can be established
using a variety of methods known to one skilled 1n the art.
It 1s frequently preferable to form amide bonds. Amide
bonds are formed by first activating the carboxylic acid
moiety of the 3-FU hapten in the compounds of formula II-A
and II-B by reacting the carboxyl group with a leaving group
reagent (e.g., N-hydroxysuccinimide, 1-hydroxybenzotriaz-
ole, p-nitrophenol and the like). An activating reagent such
as dicyclohexylcarbodiimide, diisopropylcarbodiimide and
the like can be used. The activated form of the carboxyl
group in the 5-FU hapten of formula II-A or II-B 1s then
reacted with a buflered solution containing the protein
carriet.

In cases where the 5-FU dernivative of formula II-A or I11-B
contains a primary or secondary amino group as well as the
carboxyl group, it 1s necessary to use an amine protecting
group during the activation and coupling reactions to pre-
vent the conjugates from reacting with themselves. Typi-
cally, the amines on the conjugate are protected by forming
the corresponding N-trifluoroacetamide, N-tertbutyloxycar-
bonyl urethane (N-t-BOC urethane), N-carbobenzyloxy ure-
thane or similar structure. Once the coupling reaction to the
immunogenic polymer or carrier has been accomplished, as
described above, the amine protecting group can be removed
using reagents that do not otherwise alter the structure of the
immunogen or conjugate. Such reagents and methods are
known to one skilled 1n the art and include weak or strong,
aqueous or anhydrous acids, weak or strong aqueous or
anhydrous bases, hydnde-containing reagents such as
sodium borohydride or sodium cyanoborohydride and cata-
lytic hydrogenation. Various methods of conjugating hap-
tens and carriers are also disclosed in U.S. Pat. Nos. 3,996,
344 and 4,016,146, which are herein incorporated by
reference.

On the other hand where X 1s a terminal 1socyanate or
thioisocyanate radical in the compound of formula II-A or
II-B, these radicals when reacted with the free amine of a
polyamine polymer produce the conjugate of formula I1-B or
the immunogen where X' 1s

NH—(C—,

|
R,

where R, 1s as above, which functionally connects with the
carrier or the immunogenic polypeptide.

Where X, in the compounds of formula II-A and II-B, 1s
an aldehyde group these compounds may be connected to
the amine group of the polyamine polypeptide or carrier
through an amine linkage by reductive amination. Any
conventional method of condensing an aldehyde with an
amine such as through reductive amination can be used to
form this linkage. In this case, X' in the ligand portions of

formula III-A and III-B 1s —CH,—.
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The 1-nitrogen atoms in the compound of formula I can
be connected to form the compound of formula II-B by
reacting 5-FU with a halide of the formula:

R,—CH,—(Y),—X V-A

where R, 1s chloro or bromo and Y, p and X are as above,
to produce the compound of the formula:

II-B

CH, —(Y),—X

The compound of formula I 1s reacted at i1ts 1-ring
nitrogen atom with the halide of formula V-A to form the
compounds of formula II-B by any conventional means of
condensing a halide with an amine group. This condensation
reaction 1s carried out in the presence of a base. In this
reaction, the ring nitrogen atom at the 1-position of the
compound of formula I 1s more reactive than the ring
nitrogen atom at the 3-position. Therefore the ring nitrogen
atom at the 1-position will preferably condense with the
halide. If the compound of formula V-A contains any reac-
tive amino or other functional substituents, these substitu-
ents can be reacted with conventional protecting groups
prior to the reaction of 5-FU with a compound of V-A. After
the compound of formula VI-A 1s produced, these protecting
groups can be removed by procedures well known in the art
for removing such protecting groups while retaiming the
amine 1n the compound of formula II-B.

The 3-substituted 5-FU of formula II-A can be prepared
from 5-FU by first converting 5-FU into the dichloro com-
pound of the formula:

VII

This 1s accomplished by treating the compound of for-
mula I with a chlorinating agent such as phosphorous
oxychloride. Any of the conditions conventional in utilizing
these chlorinating agents can be used 1n carrying out this
reaction. In the next step, the compound of formula VII 1s
converted to the compound of the formula:

VIII-A
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which enolizes into the compound of formula:

VIII-B

This conversion 1s carried out by treating the compound
of formula VII with sodium hydroxide in an aqueous
medium at a temperature of from 35° C. to 50° C. The
compound of formula VIII-B can be converted to the com-
pound of the formula:

IX

where R 1s benzyl.

In forming the compound of formula IX, the compound of
tormula VIII-B 1s reacted with benzyl alcohol in an organic
solvent 1n the presence of solid sodium hydroxide. In the

next step the compound of formula IX 1s converted to the
compound of formula II-A by reacting the compound of

formula IX with the halide of formula V-A, 1n the manner
described hereinbefore 1n connection with the condensation
of compound of formula I with the halide of formula V-A.

The compound of formulae II-A or I1I-B can be converted
into the conjugate carrier reagent of this invention by
reacting these compounds with a polyamine, polypeptide or
a carrier. The same polypeptide can be utilized as the carrier
in the compound of formula II-B and as the immunogenic
polymer in the immunogen of formula II-A of this invention
provided that polyamine or polypeptide 1s immunologically
active. However, to form the conjugates, these polymers
need not produce an immunological response as needed for
the immunogens. In accordance with this invention, the
various functional groups represented by X in the com-
pounds of formula II-A and II-B can be conjugated to the
polymeric material by conventional means of attaching a
functional group to an amine group contained within the

polymer. In accordance with a preferred embodiment, 1n the
compound of formula II-A and II-B, X 1s a carboxylic acid
group or active esters thereof.
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ANTIBODIES

The present invention also relates to novel antibodies
including monoclonal antibodies to 5-FU produced by uti-
lizing the aforementioned immunogens. In accordance with
this imvention i1t has been found that these antibodies pro-
duced 1n accordance with this invention are selectively
reactive with 5-FU and do not react with tegatur or other
pyrimidine containing compounds which would interfere
with immunoassays for 5-FU.

The present invention relates to novel antibodies and
monoclonal antibodies to 5-FU. The antisera of the inven-
tion can be convemently produced by immunizing host
amimals with the immunogens this mvention. Suitable host
amimals include rodents, such as, for example, mice, rats,
rabbits, guinea pigs and the like, or higher mammals such as
goats, sheep, horses and the like. Initial doses, bleedings and
booster shots can be given according to accepted protocols
for eliciting immune responses 1n animals, €.g., 11 a pre-
ferred embodiment mice received an 1nitial dose of 100 ug
Immunogen/mouse, 1.p. and two or more subsequent booster
shots of 100 ug immunogen/mouse over a six month period.
Through periodic bleeding, the blood samples of the 1immu-
nized mice were observed to develop an immune response
against 5-FU binding utilizing conventional immunoassays.
These methods provide a convenient way to screen for hosts
which are producing antisera having the desired activity.

Monoclonal antibodies are produced convemently by
immunizing Balb/c mice according to the above schedule
followed by 1njecting the mice with 100 ug immunogen 1.p.
or 1.v. on three successive days starting three days prior to
the cell fusion. Other protocols well known 1n the antibody
art may of course be utilized as well. The complete 1immu-
nization protocol detailed herein provided an optimum pro-
tocol for serum antibody response for the antibody to 5-FU.

B lymphocytes obtamned from the spleen, peripheral
blood, lymph nodes or other tissue of the host may be used
as the monoclonal antibody producing cell. Most preferred
are B lymphocytes obtained from the spleen. Hybridomas
capable of generating the desired monoclonal antibodies of
the mvention are obtained by fusing such B lymphocytes
with an immortal cell line, which 1s a cell line that which
imparts long term tissue culture stability on the hybrid cell.
In the preferred embodiment of the mvention the immortal
cell may be a lymphoblastoid cell or a plasmacytoma cell
such as a myeloma cell, 1tself an antibody producing cell but
also malignant. Murine hybridomas which produce 5-FU
monoclonal antibodies are formed by the fusion of mouse
myeloma cells and spleen cells from mice 1mmunized
against 5-FU-protein conjugates. Chimeric and humanized
monoclonal antibodies can be produced by cloning the
antibody expressing genes from the hybridoma cells and
employing recombinant DNA methods now well known 1n
the art to either join the subsequence of the mouse variable
region to human constant regions or to combine human
framework regions with complementary determining
regions (CDR’s) from a donor mouse or rat immunoglobu-
lin. An improved method for carrying out humanization of
murine monoclonal antibodies which provides antibodies of

enhanced athnities 1s set forth 1n International Patent Appli-
cation WO 92/11018.
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Polypeptide fragments comprising only a portion of the
primary antibody structure may be produced, which frag-
ments possess one or more mmmunoglobulin activities.
These polypeptide fragments may be produced by pro-
teolytic cleavage of intact antibodies by methods well
known 1n the art, or by inserting stop codons at the desired
locations 1 expression vectors containing the antibody
genes using site-directed mutageneses to produce Fab frag-
ments or (Fab'), fragments. Single chain antibodies may be
produced by joining VL and VH regions with a DNA linker
(sce Huston et al.,, Proc. Natl Acad Sci. USA.,

85:5879-5883 (1988) and Bird et al., Science, 242:423-426
(1988))

The antibodies of this invention are selective for 5-FU and
do not have any substantial cross-reactivity with such pyri-
midine bases such as uracil, cytosine, tegatur etc. By having
no substantial cross-reactivity 1t 1s meant that the antibodies
of this invention have a cross reactivity relative to 5-FU with
these metabolites of not greater than 12% preferably less
than 5%.

IMMUNOASSAYS

In accordance with this invention, the aforementioned
conjugates and the antibodies generated from the immuno-
gens of these compounds of formula II-A can be utilized as
reagents for the determination of 5-FU in patient samples.
This determination 1s performed by means of an immunoas-
say. Any immmunoassay in which the reagent conjugates
formed from the compounds of formula 1I-B compete with
the 5-FU 1n the sample for binding sites on the antibodies
generated 1n accordance with this invention can be utilized
to determine the presence of 5-FU in a patient sample. The
manner for conducting such an assay for 5-FU in a sample
suspected of containing 3-FU, comprises combining an (a)
aqueous medium sample, (b) an antibody to 3-FU generated
in accordance with this invention and (c¢) the conjugates
formed from the compounds of formulae II-A and II-B. The
amount of 5-FU 1n the sample can be determined by mea-
suring the inhibition of the binding to the specific antibody
of a known amount of the conjugate added to the mixture of
the sample and antibody. The result of the inhibition of such
binding of the known amount of conjugates by the unknown
sample 1s compared to the results obtained in the same assay
by utilizing known standard solutions of 5-FU. In determin-
ing the amount of 5-FU 1n an unknown sample, the sample,
the conjugates formed from the compounds of formula II-B
and the antibody may be added in any order.

Various means can be utilized to measure the amount of
conjugate formed from the compounds of formulae II-A and
I1-B bound to the antibody. One method 1s where binding of
the conjugates to the antibody causes a decrease 1n the rate
of rotation of a fluorophore conjugate. The amount of
decrease 1n the rate of rotation of a fluorophore conjugate 1n
the liquud mixture can be detected by the fluorescent polar-
ization technique such as disclosed i U.S. Pat. Nos. 4,269,
511 and 4,420,568.

On the other hand, the antibody can be coated or absorbed
on nanoparticles so that when these particles react with the
5-FU conjugates formed from the compounds of formulae
I1-A and II-B, these nanoparticles form an aggregate. How-
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ever, when the antibody coated or absorbed nanoparticles
react with the 5-FU 1n the sample, the 5-FU from the sample
bound to these nanoparticles does not cause aggregation of
the antibody nanoparticles. The amount of aggregation or
agglutination can be measured in the assay mixture by
absorbance.

On the other hand, these assays can be carried out by
having either the antibody or the 3-FU conjugates attached
to a solid support such as a microtiter plate or any other
conventional solid support including solid particles. Attach-
ing antibodies and proteins to such solid particles 1s well
known 1n the art. Any conventional method can be utilized
for carrying out such attachments. In many cases, 1n order to
aid measurement, labels may be placed upon the antibodies,
conjugates or solid particles, such as radioactive labels or
enzyme labels, as aids in detecting the amount of the
conjugates formed from the compounds of formula II-B
which 1s bound or unbound with the antibody. Other suitable
labels include chromophores, fluorophores, etc.

As a matter ol convenience, assay components of the
present invention can be provided i a kit, a packaged
combination with predetermined amounts of new reagents
employed 1n assaying for 3-FU. These reagents include the
antibody of this invention, as well as, the conjugates formed
from the compounds of formulae II-A and II-B.

In addition to these necessary reagents, additives such as
ancillary reagents may be included, for example, stabilizers,
buflers and the like. The relative amounts of the various
reagents may vary widely to provide for concentrations in
solution of the reagents which substantially optimize the
sensitivity of the assay. Reagents can be provided in solution
or as a dry powder, usually lyophilized, including excipients
which on dissolution will provide for a reagent solution
having the appropriate concentrations for performing the
assay.

EXAMPLES

In the examples, the following abbreviations are used for
designating the following:

THF Tetrahydrofuran

EA Ethyl alcohol

DCM Dich.

oromethane
DMAP Dimethylaminopyridine
NHS N-hydroxy-succinimide

EDC  1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride

TLC Thin Layer Chromatrography

ANS 8-Anilino-1-naphthalenesulfonic acid
1.p. Intraperitoneal

HRP Horse radish-peroxidase

TMB 3,3',5,3-Tetramethylbenzidine

r

I'RIS Tris(hydroxymethyl)aminomethane hydrochloride

BSA Bovine serum albumin

BTG Bovine thyroglobulin

PBS Phosphate butilered saline

d1 detonized water

In the examples, Scheme 1, Scheme 2, Schemes 3a, 3b
and Scheme 4, below set forth the specific compounds
prepared and referred to by numbers in the Examples. The
schemes are as follows:




Us 7,205,116 B2
15 16

hd Y —
A : A \ /\,

|
H NHS
1

20

Okt

l 25 o
H. F H._ F )\ ‘
e o

O OH
; O
o o 35 5

e
(
</

) Py Ny
[ S
H Cl N/ Cl -~
1 7 8
O O
H )‘\ b EtO Ig
RN / - N —
Ny 0 \ﬂ/\/]jif
BnO N Bl‘\/\)l\ BnO N
OFt



Us 7,205,116 B2

17

-continued

13

14

40

oY :
\N ~

9 50

O

F
N
|

o 55

H;COOC BnO N

15
O

b 60

H 65

O
N SHN
H,CO0C ‘ — \n/\/\N ‘
o P
0 N P
H

16

12

11

2a

18

-continued

O

\/\NJ\/

HOOC

Scheme 4

g HOOC

|
L

H

NH,
1 o

Na,CO3/TH
Step 9




Us 7,205,116 B2

19

-continued
HOOC
N o
N ‘ N )‘\ F >
\’(\/\N ‘/
I P
2b O T‘*T/
H 10
EDC/NHS
Step 10
Y
15
O
SHN

20

2

O
H
N F
\n/\/\N ‘
Q )\
. O r‘ﬁ
H 25

Example 1

30
Scheme 1, Preparation of 1-substituted 3-FU

Activated Ester [4]

To a solution of Fluorouracil (30 g) [1] in DMF (100 mL),
triethylamine (78 g) was added at 30° C. while stirring. Then 3°
cthy-4-bromobutyrate (88.5 g) was added drop wise. After
the addition was completed, the resulting reaction mixture
was stirred for 48 hours at room temperature. The reaction
mixture was filtered and the solvent was removed under
reduced pressure. The residue was crystallized in ethyl

acetate to aflord 26 g (29%) of compound [2].

To a solution of [2] (20 g) 1n methanol (100 mL), 20% of
potassium hydroxide aqueous solution (27 mlL) was added.
The resulting solution was stirred at room temperature for 3
hours, and then the mixture was concentrated under reduced
pressure. The residue was dissolved 1n acetone (50-100 mL)
and adjusted to pH 2~3 with concentrated HCI. It was then
filtered and washed with acetone. The solid product was s,
dissolved 1n acetone (50 mL) by heating. After cooling to
room temperature, the solid was precipitated out by adding
cthyl acetate (100 mL). The solid product was collected by
filtration, followed by drying to afford about 10 g of [3]. The

TLC condition for ester was ethyl acetate: ether (3:1). The >3
TLC condition for acid 1s chloroform:methanol (15:1) with

2 drops of acetic acid.

40

45

To 6.3 g of compound [3] 1n 600 mL of dichloromethane
at 0° C., NHS was added. To this a solution of DCC (4.8 g)
in dichloromethane was added drop wise. After stirring for
2 hours at 0° C., the resulting reaction mixture was stirred at
room temperature for 15 hours. The reaction mixture was
concentrated. The residue was crystallized 1n acetone to give
crude product. The crude product was purified on a silica gel 45
column (eluted with ethyl acetate:ether, 3:1) to provide 4 g
of compound [4].

60

20
Example 2

Scheme 2, Preparation of 1-substituted 35-FU Acid
[5]

To a solution of compound [4] (3.2 g) 1n acetonitrile (300
mlL), water (900 mL) was added, followed by addition of 1.2
eq. ol p-methylamino-benzoic acid. The resulting reaction
mixture was stirred at room temperature for 20 hours. The
mixture was concentrated under reduced pressure to remove
acetonitrile. A precipitate formed and was collected by
filtration. It was then crystallized 1n acetone to give 2.8 g of
crude product. The crude product was purified on a silica gel
column (eluted with chloroform: methanol, 15:1 with 1-2
drops of acetic acid) to afford 2 g of compound [5].

Example 3a

Scheme 3a, Preparation of 3-substituted 5-FU Acid
Dernivatives [12], [14]

A mixture of 15.6 g of 5-FU [1] 1n 80 mL of POCI; was
stirred 1n a three neck-tflask equipped with condenser, ther-
mometer and dropping funnel at 40° C. After addition of 25
mL of N,N-dimethylaniline drop wise, the resulting mixture
was heated to retlux for 3 hours. The excess of POCI; was
evaporated under reduced pressure. The mixture was cooled
to room temperature and poured into 75 g of crushed ice. It
was then extracted with chloroform (50 mL three times). The
combined extracts were washed with water, dried with
MgSO,, and concentrated to give a yellowish solid of
compound [7] 1n about 50% yield.

A mixture of 16 g of oxychlornide [7] in 48 mL solution of
2 N NaOH was stirred at 45° C. for one hour. The pH of the
reaction mixture was reduced to 7. Another 48 mL solution
of 2 N NaOH was added and continued to stir until no more
oily materials were observed 1n the reaction mixture. After
the mixture was cooled to room temperature, the pH was
adjusted to pH 3 with concentrated HCI. It was cooled and
the product [8] precipitated out. Compound oxychloride [8]
was collected and washed with water until the washing
solution became neutral. The yield was about 55%.

To a three-neck flask equipped with condenser, thermom-
cter and dean stark apparatus was added 20 mL of toluene,
52 mL of benzyl alcohol and 2.44 g of solid NaOH. The
resulting mixture was refluxed until dry. Then, 3 g of
Compound [8] was added and continued to be refluxed for
3 hours. After the reaction mixture was cooled to room
temperature, 50 mL of water was added. The organic phase
was washed with water twice (30 mL each). The aqueous
phases were combined and the residues of toluene and
benzyl alcohol were removed under reduced pressure. The
solution was adjusted to pH 3 with concentrated HCI, cooled
down, and a precipitate formed, which was collected. It was
re-crystallized i ethanol to afford compound [9] 1n about
60% vield.

After a mixture of 20 mL of benzene, 20 mL of water and
0.5 g of tetrabutylammonium bromide was heated to 55° C.,
solution A (2 g of [9] 1n 20 mL of 1 N NaOH aqueous
solution) and solution B (1.9 g of ethyl 4-bromobutyrate 1n
20 mL of benzene) were added into the mixture alternatively
in drop wise fashion. The pH of the reaction mixture was
controlled between pH 8-10. After the addition was com-
pleted, the reaction mixture was refluxed for two and a half
hours. The organic phase was separated, washed with a 5%
NaOH and water and dried with MgSO,. The organic

solvent was removed under reduced pressure. The residue
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was purified on a silica gel column (eluted with ether and

cthyl acetate, 10:1) to give compound [10] as an o1ly product
in about 40% vyield.

A mixture of 3 g of compound [10], 0.3 g of 10% Pd/C 1n
50 mL of methanol was stirred under hydrogen gas (15 psi1)
for about 24 hours. The catalyst was removed by filtration.
To the filtrate contaiming [10], 2 g of NaOH and 350 mL of
water were added. The resulting mixture was stirred for 8
hours at room temperature. The methanol was removed
under reduced pressure. The mixture was adjusted to pH 3
with concentrated HCI. After cooling, a precipitate was
formed and collected by filtration. The precipitate was
re-crystallized from ethanol to afford [12] in about 50%
yield.

A mixture of 1 g of dried [12], 0.74 g of NHS, 1.47 g of

DCC 1m 350 mL of chloroform was stirred for overnight
(about 24 hours) at room temperature. The solvent was
removed under reduced pressure and the residue was puri-
fied on a silica gel column (eluted with ethyl acetate and
methanol, 10:1) to aflord compound [13] 1 about 40%
yield.

A mixture of 1 g of compound [13], 0.5 g 4-(aminom-
cthyl)benzoic acid 1 30 mL of DMF was stirred at room
temperature for 8 hours. A portion of 150 ml water was
added to the reaction mixture. The resulting mixture was
washed with 100 mL of ethyl acetate. The aqueous phase
was allowed to stand at 4° C. and the product [14] slowly
precipitated out of the solution, was collected by filtration
and dried under vacuum at room temperature in the presence

of P,O: to yield about 65% of [14].

Example 3b

Scheme 3b, Preparation of 3-substituted 5-FU Acid
Derivative [6]

After a mixture of 20 mL of benzene, 20 mL of water and
0.5 g of tetrabutylammonium bromide was heated to 55° C.,
solution A (2 g of [9] in 20 mL of 1 N NaOH aqueous
solution) and solution B (2.05 g of ethyl 4-bromobutyrate 1n
20 mL of benzene) were added into the mixture simulta-
neously. The pH of the reaction mixture was controlled
between pH 8-10. After the addition was completed, the
reaction mixture was refluxed for two and a half hours. The
organic phase was separated, washed with a 5% NaOH and
water and dried with MgSO,. The organic solvent was
removed under reduced pressure. The residue was purified
on a silica gel column (eluted with ether and ethyl acetate,
10:1) to give compound [15] as an o1ly product in about 38%
yield.

A mixture of 2 g of compound [15], 0.2 g of 10% Pd/C 1n
60 mL of methanol was stirred under hydrogen gas (15 psi1)
for about 24 hours. The catalyst was removed by {filtration.
The filtrate containing compound [16] was concentrated to
approximately 20 mL to which was added 1 g of NaOH and
20 mL of water. The resulting mixture was stirred for 8 hours
at room temperature. The methanol was removed under
reduced pressure and the mixture adjusted to pH 3 with
concentrated HCI. After cooling, a precipitate was formed
and collected by filtration. The precipitate was re-crystal-
lized from ethanol to afford [6] 1n about 60% vyield.
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Example 4

General Method for Preparing NHS Activated
Esters from the Corresponding Acids [3, 5, 12, 14,
6]

To a stirred solution of NHS (1.39 mmol) in 20 mL of dry
CH,CI, the acid (0.695 mmol) [3, 5, 12, 14 or 6] and EDC
(2.085 mmol) were added. The solution was stirred for 18
hours at room temperature under a nitrogen atmosphere. The
reaction was quenched by the addition of 3 mL of hydro-
chloric acid (0.3 N) and stirred for an additional 5 minutes.
The organic layer was separated, dried (Na,SQO,), filtered
and evaporated (under vacuum) to yield a white solid.

Example 5
Preparation of 1-substituted 35-FU KLH Immunogen

To 5.86 mL of KLH (31.2 mg/mL) 1n 50 mM phosphate
bufter (50 mM, pH 7.5) 0.692 mL of compound [4] (12.8
mg/mlL 1n DMSQO), that was prepared 1n Example 1, was
added drop wise and the pH was adjusted to 8.5. The mixture
was allowed to stir 18 hours at room temperature. This
immunogenic conjugate was then purified by dialysis and
characterized according to procedures described previously
(Wu et. al., Bioconj. Chem., 8: pp 385-390, 1997, L1 et al.,
Bioconj. Chem., 8: pp 896-905, 1997, Salamone et al., I.
Forensic Sci. pp 821-826, 1998).

Example 6a
Preparation of 3-substituted 3-FU BTG Immunogen

To 11.4 mL of BTG (16.9 mg/mL) 1n 50 mM phosphate
buffer (50 mM, pH 7.5) 1.2 mL of DMSO was added drop
wise and the pH was checked to be at 7.5. To thus 0.277 mL
of compound [13] (52.5 mg/mL 1n DMSQ), that was pre-
pared 1n Example 3a, was added drop wise and the pH was
again checked to be 7.5. The mixture was allowed to stir 18
hours at room temperature. This immunogenic conjugate
was then purified by dialysis and characterized according to
procedures described previously (Wu et. al., Biocon;.
Chem., 8: pp 385-390, 1997, L1 et al., Bioconj. Chem., 8: pp
896—905, 1997, Salamone et al.,, J. Forensic Sci. pp
821-826, 1998).

Example 6b
Preparation of 3-substituted 5-FU KLH Immunogen

To 8.3 mL of KLH (24.9 mg/mL) in 50 mM phosphate
bufler (50 mM, pH 7.5) 0.922 mL of DMSO was added drop
wise and the pH was checked to be at 7.5. To this 0.277 mL
of compound [13] (52.6 mg/mL 1n DMSQ), that was pre-
pared 1n Example 3a, was added drop wise and the pH was
again checked to be 7.5. The mixture was allowed to stir 18
hours at room temperature. This immunogenic conjugate
was then purified by dialysis and characterized according to
procedures described previously (Wu et. al., Biocon;.
Chem., 8: pp 385-390, 1997, L1 et al., Bioconj. Chem., 8: pp
896-905, 1997, Salamone et al., J. Forensic Sci. pp
821-826, 1998).

Example 7a

Preparation of 3-substituted 3-FU BSA Conjugate
(10:1 Ratio) with Denivative 12

To a 1 mL solution of BSA (50 mg/mL) mm 50 mM
phosphate bufler (50 mM, pH 7.5) 0.111 mL of DMSO was
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added drop wise. The activated N-Hydroxysuccinimide ester
of compound [12] prepared as 1n example 4 (0.045 mL of a
52.5 mg/mL 1 DMSO solution) was added drop wise. The
mixture was allowed to stir overnight at room temperature to
produce the conjugate of the 3-substituted 35-FU and BSA.
This conjugate was then purified by dialysis and character-
1zed according to procedures described previously (Wu et

al., Biocony. Chem., 8: pp 385-390, 1997, L1 et al., Biocon;.
Chem., 8: pp 896-9035, 1997, Salamone et al., J. Forensic

Sci. pp 821-826, 1998).

Example 7b

Preparation of 3-substituted 3-FU BSA Conjugate
(1:1 Ratio) with Derivative 6

To 20.0 mL of BSA (50.0 mg/mL) in 50 mM phosphate
butler (50 mM, pH 7.5) 2.222 mL of DMSO was added drop
wise and the pH was checked to be at 7.5. To this 0.272 mL
of the activated N-Hydroxysuccinimide ester of compound
[6] (20.0 mg/mL 1n DMSQ), that was prepared in Example
4, was added drop wise and the pH was again checked to be
7.5. The mixture was allowed to stir 18 hours at room
temperature. This immunogenic conjugate was then purified
by dialysis and characterized according to procedures
described previously (Wu et. al., Bioconj. Chem., 8: pp
385-390, 1997, L1 et al., Bioconj. Chem., 8: pp 896-905,
1997, Salamone et al., J. Forensic Sci. pp 821-826, 1998).

Example 8

Preparation of 1-substituted 3-FU BSA Conjugate
(20:1 Ratio) with Derivative 5

To a 14 mL solution of BSA (50 mg/mL) in 50 mM
phosphate bufler (50 mM, pH 7.5) 1n an 1ce bath 14 mL of
DMSO was added drop wise. The activated N-Hydroxysuc-
cinimide ester of compound [5] prepared as 1n example 4
(1.65 mL of a 57 mg/mL 1n DMSQO solution) was added drop
wise. The mixture was allowed to stir overnight at room
temperature to produce the conjugate of the 1-substituted
5-FU and BSA. This conjugate was then purnified by dialysis
and characterized according to procedures described previ-
ously (Wu et. al., Bioconj. Chem., 8: pp 385-390, 1997, L1
¢t al., Bioconj. Chem., 8: pp 896-905, 1997, Salamone et al.,
J. Forensic Sci. pp 821-826, 1998).

Example 9

Preparation of 5-FU Antibodies

Ten Female BALB/c mice were immunized 1.p. with 100
ug/mouse of 5-FU-KLH prepared in example 5 or with
5-FU-BTG prepared in example 6a, emulsified in Complete
Freund’s Adjuvant. Mice were boosted once four weeks
after the 1mitial mjection with 100 pug/mouse of the same
immunogens emulsified in Incomplete Freund’s Adjuvant.
Ten days after the boost test bleeds from each mouse were
obtained by orbital bleed. The anti-serum from these test
bleeds contained 5-FU antibodies evaluated in Examples
12a, 13, and 14. For monoclonal antibodies ten Female
BALB/c mice were immunized 1.p. with 100 ug/mouse of
3-substituted 5-FU-KLH prepared in example 6b, emulsified
in Complete Freund’s Adjuvant. Mice were boosted once
tour weeks after the 1nmitial injection with 100 ug/mouse of
the same immunogens emulsified in Incomplete Freund’s
Adjuvant. Ten days after the boost test bleeds from each
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mouse were obtaimned by orbital bleed and these were
screened as 1n examples 12a and 15. To produce monoclonal
antibodies starting four days before the fusion (day 0), the
mice were mjected 1.p. with 400 ug (day 3), 200 ug (day 2)
and 200 ng (day 1) 3-substituted 5-FU KLLH immunogen 1n
PBS on three successive days. Spleen cells were 1solated
from the selected mice and fused with 2x107 SP2/0 cells
with 50% polyethylene glycol 1500 according to the method
of Coligan, J. E. et al., eds., Current Protocols in Immunol-

ogy, 2.5.1-2.5.8, (1992), Wiley & Sons, NY. The fused cells
were plated on 10 96-well plates in DMEM/F12 supple-
mented with 20% FetalClone 12% L-glutamine (100 mM)
and 2% S0XHAT. Two weeks later, the hybridoma super-
natant was assayed for the presence of anti-5-FU by ELISA
(example 12b). Positive wells were expanded and again
screened by the same method. The positive clones were
confirmed for 3-FU binding by a competitive ELISA (ex-
amples 12a and 15). Clones positive by ELISA were sub-
cloned once or twice by limiting dilution according to the

method disclosed in Coligan, J. E. et al., eds., Current

Protocols in Immunology, 2.5.8-2.5.17, (1992), Wiley &
Sons, NY.

Example 10

Microtiter Plate Sensitization Procedure with 3-FU
Denvative 5—BSA Conjugate

The ELISA method for measuring 5-FU concentrations
was performed 1n polystyrene microtiter plates (Nunc Max-
1Sorp C8 or F8 Immunomodules) optimized for protein
binding and containing 96 wells per plate. Each well was
coated with 5-FU-BSA conjugate (prepared as 1n example 8)
by adding 300 uL of 5-FU-BSA conjugate at 10 ug/mlL in
0.03M sodium bicarbonate, pH=9.6, and incubating for
three hours at room temperature. The wells were washed
with 0.05M sodium bicarbonate, pH 9.6 and then were
blocked with 400 uL of 5% sucrose, 0.2% sodium caseinate
solution for 30 minutes at room temperature. After removal
of the post-coat solution the plates were dried at 37° C.
overnight.

Example 11a

Microtiter Plate Sensitization Procedure with 3-FU
Dernvative 12—BSA Conjugate

The ELISA method for measuring 5-FU concentrations
was performed 1n polystyrene microtiter plates (Nunc Max-
1Sorp C8 or F8 Immunomodules) optimized for protein
binding and containing 96 wells per plate. Each well was
coated with 5-FU-BSA conjugate (prepared as in example
7a) by adding 300 uL of 5-FU-BSA conjugate at 10 ug/ml.
in 0.05M sodium bicarbonate, pH=9.6, and incubating for
three hours at room temperature. The wells were washed
with 0.05M sodium bicarbonate, pH 9.6 and then were
blocked with 400 uL of 5% sucrose, 0.2% sodium caseinate
solution for 30 minutes at room temperature. After removal
of the post-coat solution the plates were dried at 37° C.
overnight.

Example 11b

Microtiter Plate Sensitization Procedure with 5-FU
Denvative 6—BSA Conjugate

The ELISA method for measuring 5-FU concentrations

was performed 1n polystyrene microtiter plates (Nunc Max-
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1Sorp C8 or F8 Immunomodules) optimized for protein
binding and containing 96 wells per plate. Each well was
coated with 5-FU-BSA conjugate (prepared as in example
7b) by adding 300 ul. of 5S-FU-BSA conjugate at 10 ug/mL
in 0.05M sodium bicarbonate, pH=9.6, and incubating for
three hours at room temperature. The wells were washed
with 0.05M sodium bicarbonate, pH 9.6 and then were

blocked with 375 uL of 5% sucrose, 0.2% sodium caseinate
solution for 30 minutes at room temperature. After removal
of the post-coat solution the plates were dried at 37° C.
overnight.

Example 12a

Antibody Screening Procedure—Titer

The ELISA method for screening 5-FU antibodies (pro-
duced i example 9) was performed with the microtiter
plates that were sensitized with 5-FU-BSA as described in
examples 7a, 7b and 8. The antibody screening assay was
performed by diluting the antisera contaiming 35-FU antibod-
ies to 1:100, 1:1,000, 1:10,000 and 1:100,000 1n phosphate
builered saline containing 0.1% BSA and 0.01% thimerosal.
To each well of 5-FU-BSA sensitized wells (prepared 1n
examples 11a, 11b and 10) 100 uL of diluted antibody was
added and incubated for 10 minutes at room temperature
with shaking. During this incubation antibody binds to the
S5-FU-conjugate in the well. The wells of the plates were
washed three times with 0.02 M TRIS, 0.9% NaCl, 0.5%
Tween-80 and 0.001% Thimerosal, pH 7.8 to remove any
unbound antibody. To detect the amount of 5-FU antibody
bound to the 5-FU-BSA conjugate 1n the wells, 100 ul. of a
goat anti-mouse antibody—HRP enzyme conjugate (Jack-
son Immunoresearch) diluted 1/2000 i PBS with 0.1%
BSA, 0.05% ANS, 0.01% thimerosal, capable of binding
specifically with murine immunoglobulins and producing a
colored product when incubated with a substrate, were
added to each well. After an incubation of 10 minutes at
room temperature with shaking, during which the goat
anti-mouse antibody—HRP enzyme conjugate binds to
5-FU antibodies in the wells, the plates were again washed
three times to remove unbound goat anti-mouse antibody—
HRP enzyme conjugate. To develop a measurable color 1n
the wells washing was followed by the addition of 100 uL
of TMB (ITMB Liquid Substrate, Sigma or BioFx), a sub-
strate for HRP, to develop color during a 10 minute incu-
bation with shaking at room temperature. Following the
incubation for color development, 50 ulL of stop solution
(1.5% sodium fluoride 1n di1 H,O) was added to each well to
stop the color development and after 10 seconds of shaking
the absorbance was determined at 6350 nm (Molecular
Devices Plate Reader). The amount of antibody 1n a well was
proportional to the absorbance measured and was expressed
as the dilution (titer) resulting 1n an absorbance of 1.5. Titers
were determined by graphing log antibody dilution of the
antibody measured a-axis) vs. absorbance 650 nm (y-axis)
and extrapolating the titer at an absorbance of 1.3. The titer
determined the concentration (dilution) of antibody used 1n
the indirect competitive Microtiter plate assay described in
examples 13, 14 and 15.

Example 12b

Antibody Screening Procedure—Monoclonal
Screening,

The ELISA method for screening 5-FU monoclonal anti-
bodies (produced 1in example 9) was performed with the
microtiter plates that were sensitized with 5-FU-BSA as
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described 1n example 7b. To each well of 5-FU-BSA sensi-
tized wells (prepared 1n example 11b) 30 ul. phosphate
buflered saline containing 0.1% BSA and 0.01% thimerosal
and then 350 ul of monoclonal culture supernatant were
added and incubated for 10 minutes at room temperature
with shaking. During this incubation antibody binds to the
S5-FU-conjugate 1n the well. The wells of the plates were
washed three times with 0.02 M TRIS, 0.9% NaCl, 0.5%
Tween-80 and 0.001% Thimerosal, pH 7.8 to remove any
unbound antibody. To detect the amount of 5-FU antibody
bound to the 5-FU-BSA conjugate 1n the wells, 100 ul. of a
goat anti-mouse antibody—HRP enzyme conjugate (Jack-

son Immunoresearch) diluted to a predetermined specific
activity (approximately 1/2000) in PBS with 0.1% BSA,

0.05% ANS, 0.01% thimerosal, capable of binding specifi-
cally with murine immunoglobulins and producing a colored
product when incubated with a substrate, were added to each
well. After an incubation of 10 minutes at room temperature
with shaking, during which the goat anti-mouse antibody—
HRP enzyme conjugate binds to 5-FU antibodies in the
wells, the plates were again washed three times to remove
unbound goat anti-mouse antibody—HRP enzyme conju-
gate. To develop a measurable color 1n the wells washing
was followed by the addition of 100 uLL of TMB (TMB
Liquid Substrate, Sigma or BioFx), a substrate for HRP, to
develop color during a 10 minute incubation with shaking at
room temperature. Following the incubation for color devel-
opment, 50 uL of stop solution (1.5% sodium fluoride 1 di
H,O) was added to each well to stop the color development
and after 10 seconds of shaking the absorbance was deter-
mined at 650 nm (Molecular Devices Plate Reader). The
amount of antibody in a well was proportional to the
absorbance measured. Samples with an absorbance of
greater than twice background were designated as positive.

Example 13

Indirect Competitive Microtiter Plate Immunoassay
Procedure Determining IC50 and Cross-Reactivity
for Antibodies to 35-fU Dernivative 4 Conjugate

The ELISA method for measuring 5-FU concentrations

was performed with the microtiter plates that were sensitized
with 5-FU-BSA described 1 example 7a. 5-FU, uracil,
thymine, cytosine and Tegatur were diluted 10 fold in PBS
over a concentration range of 0.01 to 10,000 ng/mL. The
assay was performed by mcubating 50 ul. of the analytes to
be measured with 50 ul of antibody (produced in example
9 with immunogen of example 5) diluted to a titer deter-
mined in example 12a. During the 10 minute incubation
(R.T., with shaking) there 1s a competition of antibody
binding for the 3-FU conjugate 1n the well and the analyte
in solution. Following this incubation the wells of the plate
were washed three times with 0.02 M TRIS, 0.9% NaC(l,
0.5% Tween-80 and 0.001% Thimerosal, pH 7.8 to remove
any material that was not bound. To detect the amount of
5-FU antibody bound to the 5-FU-BSA conjugate in the
wells, 100 uL of a goat anti-mouse antibody—HRP enzyme
conjugate (Jackson Immunoresearch) diluted 1/2000 1n PBS
with 0.1% BSA, 0.05% ANS, 0.01% thimerosal, capable of
binding specifically with murine immunoglobulins and pro-
ducing a colored product when incubated with a substrate,
were added to each well. After an incubation of 10 minutes
at room temperature with shaking, during which the goat
anti-mouse antibody—HRP enzyme conjugate binds to
5-FU antibodies 1n the wells, the plates were again washed
three times to remove unbound secondary conjugate. To
develop a measurable color in the wells washing was
followed by the addition of 100 uLL of TMB (TMB Liquid

Substrate, Sigma or BioFx), a substrate for HRP, to develop
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color in a 10 minute incubation with shaking at room
temperature. Following the incubation for color develop-
ment, 50 ul. of stop solution (1.5% sodium fluoride 1n di
H,O) was added to each well to stop the color development
and after 10 seconds of shaking the absorbance was deter-
mined at 650 nm (Molecular Devices Plate Reader). The
amount of antibody 1 a well was proportional to the
absorbance measured and 1inversely proportional to the
amount of 5-FU 1n the sample. The absorbance of the color
in the wells containing analyte was compared to that with no
analyte and a standard curve was generated. The 1C50 value
for a given analyte was defined as the concentration of
analyte that 1s required to inhibit 50% of the absorbance for

l

the wells containing no analyte. The cross-reactivity of a
given analyte was calculated as the ratio of the IC50 for
5-FU to the IC50 for uracil, thymine, cytosine and Tegafur
expressed as a percent. When measured with an antibody as
produced in example 9 with immunogen of example 5 the
percent cross-reactivities relative to 5-FU for uracil, thym-
ine, and cytosine were less than 7% and 200% for tegatur.

The results are in table 1.

Example 14

Indirect Competitive Microtiter Plate Immunoassay

Procedure Determining IC50 and Cross-Reactivity
for Antibodies to 5-FU Dernivative 13 Conjugate

The ELISA method for measuring 35-FU concentrations
was performed with the microtiter plates that were sensitized
with 5-FU-BSA described in example 8. 5-FU, uracil, thym-
ine, cytosine and Tegatur were diluted 10 fold 1n PBS over
a concentration range of 0.01 to 10,000 ng/mL. The assay
was performed by incubating 50 ul. of the analytes to be
measured with 50 ulL of antibody (produced 1n example 9)
diluted to a titer determined 1n example 12a. During the 10
minute incubation (R.T., with shaking) there 1s a competition
of antibody binding for the 5-FU conjugate 1n the well and
the analyte in solution. Following this incubation the wells
of the plate were washed three times with 0.02 M TRIS,
0.9% Na(Cl, 0.5% Tween-80 and 0.001% Thimerosal, pH 7.8
to remove any material that was not bound. To detect the
amount of 3-FU antibody bound to the 5-FU-BSA conjugate
in the wells, 100 uLL of a goat anti-mouse antibody—HRP
enzyme conjugate (Jackson Immunoresearch) diluted
1/2000 in PBS with 0.1% BSA, 0.05% ANS, 0.01% thime-
rosal, capable of binding specifically with murine immuno-
globulins and producing a colored product when incubated
with a substrate, were added to each well. After an incuba-
tion of 10 minutes at room temperature with shaking, during
which the goat anti-mouse antibody—HRP enzyme conju-
gate binds to 5-FU antibodies 1n the wells, the plates were
again washed three times to remove unbound secondary
conjugate. To develop a measurable color 1n the wells
washing was followed by the addition of 100 ulL of TMB
(TMB Liqud Substrate, Sigma or BioFx), a substrate for
HRP, to develop color in a 10 minute incubation with
shaking at room temperature. Following the incubation for
color development, 50 ul. of stop solution (1.5% sodium
fluoride 1n di1 H,O) was added to each well to stop the color
development and after 10 seconds of shaking the absorbance
was determined at 630 nm (Molecular Devices Plate
Reader). The amount of antibody in a well was proportional
to the absorbance measured and inversely proportional to the
amount of 5-FU 1n the sample. The absorbance of the color
in the wells containing analyte was compared to that with no
analyte and a standard curve was generated. The 1C50 value
for a given analyte was defined as the concentration of
analyte that 1s required to inhibit 50% of the absorbance for
the wells containing no analyte. The cross-reactivity of a
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given analyte was calculated as the ratio of the IC350 for
5-FU to the ICS50 for uracil, thymine, cytosine and Tegafur
expressed as a percent. When measured with an antibody as
produced 1n example 9 with immunogen of example 6a the
percent cross-reactivates relative to 3-FU for uracil was less
than 8%, for cytosine less than 0.03%, less than 1% for
tegatur and about 12% for thymine. The results are in table

I.

Example 15

Indirect Competitive Microtiter Plate Immunoassay
Procedure Determining IC50 and Cross-Reactivity
for Antibodies to 5-FU Derivative 13 Conjugate

The ELISA method for measuring 5-FU concentrations

was performed with the microtiter plates that were sensitized
with 5-FU-BSA described 1n example 7b. 35-FU, uracil,
thymine, cytosine and Tegatur were diluted 10 fold in PBS
over a concentration range of 0.1 to 1,000,000 ng/mL
depending on the sample. The assay was performed by
incubating 50 ul. of the analytes to be measured with 50 uL
of antibody (produced in example 9) diluted to a titer
determined 1n example 12a. During the 10 minute incuba-
tion (R.T., with shaking) there 1s a competition of antibody
binding for the 3-FU conjugate 1n the well and the analyte
in solution. Following this incubation the wells of the plate
were washed three times with 0.02 M TRIS, 0.9% NaC(l,
0.5% Tween-80 and 0.001% Thimerosal, pH 7.8 to remove
any material that was not bound. To detect the amount of
5-FU antibody bound to the 5-FU-BSA conjugate in the

wells, 100 uLL of a goat anti-mouse antibody—HRP enzyme
conjugate (Jackson Immunoresearch) diluted to a predeter-
mined specific activity (approximately 1/2000) in PBS with
0.1% BSA, 0.05% ANS, 0.01% thimerosal, capable of
binding specifically with murine immunoglobulins and pro-
ducing a colored product when incubated with a substrate,
were added to each well. After an incubation of 10 minutes
at room temperature with shaking, during which the goat
anti-mouse antibody—HRP enzyme conjugate binds to
5-FU antibodies in the wells, the plates were again washed
three times to remove unbound secondary conjugate. To
develop a measurable color in the wells washing was
followed by the addition of 100 ulL of TMB (TMB Liquid
Substrate, Sigma or BioFXx), a substrate for HRP, to develop
color in a 10 minute incubation with shaking at room
temperature. Following the incubation for color develop-
ment, 50 ul. of stop solution (1.5% sodium fluoride 1n di
H,O) was added to each well to stop the color development
and after 10 seconds of shaking the absorbance was deter-
mined at 650 nm (Molecular Devices Plate Reader). The
amount of antibody i a well was proportional to the
absorbance measured and inversely proportional to the
amount of 5-FU 1n the sample. The absorbance of the color
in the wells containing analyte was compared to that with no
analyte and a standard curve was generated. The IC30 value

for a given analyte was defined as the concentration of
analyte that 1s required to inhibit 50% of the absorbance for

[

the wells containing no analyte. The cross-reactivity of a
given analyte was calculated as the ratio of the IC50 for
5-FU to the IC50 for uracil, thymine, cytosine and Tegafur
expressed as a percent. When measured with a monoclonal
antibody as produced in example 9 with immunogen of
example 6b the percent cross-reactivities relative to 5-FU for
uracil was less than 8%, less than 0.01% for cytosine, about
1% for tegatur and less than 4% for thymine. The results are

in table II.
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Cross-Reactivity of 5-Fluorouracil Immunoassays with

Related Compounds Using polyclonal antibodies

Immunoassay Systems

Cross-Reactivity

Immunogen Plate Coating Conjugate SFluorouracil  Uracil  Thymine  Cytosine Tegafur
1-Substituted KLH  3-Substituted BSA 100.0% 4.0% 6.7% <0.1%  200.0%
Immunogen Conjugate (10:1 ratio)
(Scheme 1, Cmpd 4, (Scheme 3a, Cmpd 12,
Example 5) Example 7a)
Compound II-B Compound II-A
3-Substituted BTG 1-Substituted BSA 100.0% 7.5% 12.0% <0.3% 0.5%
Immunogen Conjugate (20:1 ratio)
(Scheme 3a, Cmpd (Scheme 2, Cmpd 3,
12, Example 6a) Example 8)
Compound II-A Compound II-B
TABLE 2

Cross-Reactivity of 5-Fluorouracil Immunoassay using a monoclonal antibody to 3-substituted-KLH
(example 6b) with plate coating 3-substitued-5-FU compound -BSA conjugate (example 7b).

Immunoassay Systems Cross-Reactivity
Immunogen Plate Coating Conjugate SFluorouracil  Uracil  Thymine  Cytosine Tegafur
3-Substituted KLH 3-Substituted BSA 100.0% 7.3% 3.2% <0.01% 1.0%
Immunogen Conjugate
(Scheme 3a, Cmpd 12, (Scheme 3b, Cmpd 6,
Example 6b) Example 7b)

Compound II-A Compound II-A

The results 1n these tables demonstrate the importance of
forming the immunogen from the compound of formula II-A
and the reagent from the compound of formula II-A or II-B.
From these results it can be seen that it 1s when the
immunogen 1s formed from the compound of formula II-A,
rather than II-B, an antibody 1s produced which does not
cross-react with Tegafur. It 1s through the antibody provided
from the immunogen of the compound of the formula II-A
and the reagent carrier provided from the compound of 1I-A
or 1I-B, that produces an accurate immunoassay for 5-FU

monitor patients being treated with 5-FU.

What 1s claimed 1s:

1. A process for performing an immunoassay for detecting
S-fluoro-uracil 1n a sample comprising providing a mixture
of a) a sample, b) an antibody selectively reactive with
S-fluoro-uracil which antibody 1s not substantially cross-
reactive with tegafur and c¢) a conjugate of a carrier with a
compound of the formula:
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wherein Y 1s an organic spacing group;

X 1s a terminal tunctional group capable of binding to the
carrier; and

p 1s an 1nteger from O to 1

or a compound of the formula:

I-A
0O
X— (¥)y—CH; '
|
o)\g

wherein X, Y and p are as above;
or mixtures thereof:

causing the 5-fluoro-uracil in the sample and said conjugate
to bind with said antibody and thereafter measuring the
amount of said conjugate in said mixture which 1s bound or

unbound to said antibody whereby the presence of 5-fluoro-
uracil in the sample can be determined.

2. The process of claim 1, wherein the sample 1s a human
sample.

3. The process of claim 2, wherein said antibody 1s
generated from an immunogen comprising an 1mmunogenic
carrier contaiming a polyamine polymer conjugated with a
compound of the formula:
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II-A
O

X— (Y),— CH, )_I\
O)\N/
H

wherein p, X and Y are as above.

4. The process of claam 2, wherein the antibody 1s
attached to a solid support.

5. The process of claim 4, wherein the solid support 1s a
microtitor plate.

6. The process of claim 4, wherein the solid support 1s
nanoparticles.

7. A kit for determining the presence of 5-fluoro-uracil in

a patient sample comprising reagents in separate containers,
one of the reagents being a conjugate of a carrier with a
compound of the formula:

IR
O
H F
O)\If
CH, — (V) —X

wherein Y 1s an organic spacing group;

X 15 a terminal functional group capable of binding to a
carrier; and

p 1s an integer from 0 to 1;
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or a compound of the formula:

[I-A

wheremn X, Y and p are as above;

or mixtures thereof; and the second container containing an
antibody substantially selectively reactive with S-fluoro-
uracil and not substantially cross-reactive to tegaiur or
uracil.

8. The kit of claim 7, wherein said conjugate 1s present 1n
a predetermined amount 1n said first container.

9. The kit of claim 8, wherein said kit 1s used to determine
the amount of 3-fluoro-uracil 1n said sample.

10. The kit of claim 7, wherein, said antibody 1s generated
from an i1mmunogen of an i1mmunogenic polyamine
polypeptide linked to a compound of the formula:

I1-A
X—(Y),—CH,
|

O)\N
H

wherein p, X and Y are as above.
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